The weeds infesting pastures in goitrous areas of Tasmania and the cultivated plant, chou moeilier, have been examined for their constituent thioglucosides. A wide range of these has been identified by chromatographic procedures and the presence of some confirmed by isolation either as such 01' as derivatives.
INTRODUCTION
Large areas of the world have been classified as goitrous and an estimate of those afflicted is about 200 million (Kelly and Sneddon 1958) . Although uncomplicated iodine deficiency appears to be the primary cause in the majority of cases, there have been suggestions in the literature that other factors might contribute in some circum~ stances (Clements 1960; Kelly and Sneddon 1960) .
During the period 1949-1954 Clements and colleagues carried out a goitre survey among thousands of school children in Tasmania, a known goitrous area, and they found that, with regular controlled administration of potassium iodide tablets, the incidence in some districts fell, but in others it rose appreciably with approximately equal distribution among males and females. This suggested to Clements and Wishart (1956 ) the operation of iodine-resistant dietary goitrogens arising primarily from the fodder of the dairy cow and being conveyed to the child through the mill<-In this connection it was noted that a Government-sponsored free milk scheme had been introduced at the beginning of the survey period and this had led dairy farmers to increase considerably the planting of winter crops, principally chou moellier or "thousand·headed kale" (Brassica ole1'acea var. acephala DG.), to assist in keeping cows in mille Astwood and colleagues had already shown that certain foodstuffs, in particular members of the Brussica family, are able to depress the uptake of iodine by the human thyroid gland and they were able to isolate in crystalline form the iodine-resistant goitrogen, 5.vinyl-2-oxazolidenethione ("goitrin"), from the swede turnip and from the seeds and roots of other Bmssica species (Astwood, Greer, and Ettlinger, 1949; Astwood 1949 ). This substance is present in the plant as the thioglucoside, progoitrin, which is degraded by a thioglucosidase to glucose, sulphate, and an isothiocyanate by a mechanism, common to thioglucosides and involving a Lossen rearrangement, as proposed by Lundeen (1956, 1957) . In this case, due to the /i.hydroxy group, the isothiocyanate immediately cyclizes ( Acute tests in the experimental animal and man with milk from cows grazing on chou moellier indicated the presence of a goitrogen (Clements 1955) . However, the milk from cows fed on pastures of chou moellier was equalled in activity by the milk from cows on control pastures. Closer investigation of the control pastures showed that these were contaminated by cruciferous weeds (Clements and Wishart 1956) . Similar observations were reported from England (Greene, Farran, and Glascock 1958) .
During a second survey in Tasmania at selected school areas south of Hobart a regular seasonal variation in the incidence of visible goitre was observed with an upsurging in the spring months when the growth of cruciferous weeds is at a maximum (Gibson, Howeler, and Clements 1960) . This correlation occurred in spite of the regular administration of potassium iodide (10 mg once or twice weekly).
In another goitrous area, namely at Warwick in southern Queensland, a survey showed an incidence of goitre in school children with boys and girls again almost· equally affected. Goitre occurred ouly in the valleys which were heavily infested with turnip weed (Rapistrum rugosum) and not amongst children living along the gravel ridges where the weed does not grow. Crude extracts of milk from cows on the lower level pastures proved to be goitrogenic (Clements 1957 ). Peltola and Krusius (1960; see also Peltola 1961) , following· on these observations, have reported that in the goitrous area of Fiuland-where iodine deficiency has not been proven-plants of the families Cruciferae, Compositae, and Umbelliferae abound in the natural meadows which constitute 60-70% of the pasturage, whereas in the non-goitrous areas the contamination is much less. Milk from cows in the goitrous area was shown to produce goitre in rats after prolonged administration; moreover its effect was not inhibited by iodide.
During the past four years this Department has been concerned with chemical and biochemical aspects of the endemic goitre problem in Australia in association with the Goitre Sub·Committee of the National Health and Medical Research Council.
Early experiments to isolate active material from suspected milk samples were temporarily put aside in favour of a systematic examination of the major weed contaminants of the two goitrous areas of interest-southern Tasmania and Warwick, S. Qld. Mature plants, and in some cases seeds or fruit, were investigated for their thioglucoside components as it was considered that this class of compound would provide the most likely source of goitrogens or potential goitrogens-Le. substances which after passing through the cow might be transformed into active goitrogens and, as such, accumulate in the milk. Apart from the cultivated plant, chou moellier, five pasture contaminants from Tasmania and one from Warwick were studied.
Although thioglucosides have been known as plant constituents for the past 100 years it is only recently that systematic studies have been carried out, in particular by Schultz in Germany and Kjaer in Denmark and their colleagues (see Kjaer 1960) . Our own observations have been greatly facilitated by the published findings of these two groups of investigators.
In this and the following papers we have brought together the results of our experimental investigations. A preliminary account of part of the study on Rwpistrum rugo8um has appeared (Bachelard and Trikojus 1960) .
II. MATERIALS AND METHODS

(a) Materials
Chemicals and solvents were of A.R. quality or were purified before use. (i) Grote's Reagent (Grote 1931) .-This was prepared according to Williams, Jandorf, and Kay (1944) . The paper was heated at 100°C for 1 min to develop the colour (Kjaer and Rubinstein 1953) .
(ti) Silver Nitrate-Sodium Hydroxide.-The air-dried paper was sprayed with a solution of AgNO s in acetone and then with 0·5N NaOH in aqueous ethanol (Trevelyan, Proctor, and Harrison 1950) . Background colour was removed by dipping the paper into 10% aq. Na,S,03 and then washing in water (Mayer and Laruer 1959) . (1) n-Butanol-acetic acid-water in the ratio of 4:1:3 by volume (hereafter abbreviated to BAW); (2) n-Butanol-ethanol-water in the ratio of 4:1:4 by volume (BEW); (3) Chloroform saturated with water (CW). The OW system was also used for ascending chromatography on Wbatman No.1 paper in a paper-lined tank as described by Kjaer and Rubinstein (1953) . The chromatographic behaviour of substances was characterized by R F , R B , and R ph values, the two latter criteria being obtained from the ratio, distance travelled by unknown/distance travelled by reference compound. For RB values, in the case of thioglucosides, the reference compound was glucotropaeolin; on occasions sinigrin was also used for comparison (Schultz and Wagner 1956b) . Phenylthiourea provided the reference compound for thioureas (RPh values; Kjaer and Rubinstein 1953) .
Glucotropaeolin was isolated from nasturtium seeds (Tropaeolium majus L.) as the tetramethyl ammonium salt (m.p. 198-199°C) by the method of Ettlinger and Lundeen (1957) who recorded m.p. 188-189·2"C. The anhydrous thioglucoside was recrystallized thrice from ethanol before analysis. Found: C, 44·7: H, 6·3; N,5·8; S,I3·2%. Calc. for C"H 30 0,N 2 S 2 : C,44·8; H, 6·3; N,5·8; S, 13'3%.
Sinigrin (m.p. 126"0) was prepared from black mustard seeds (Sinapis nigra) as described by Schultz, Gmelin, and Keller (1953) , who recorded m.p. 126"C.
Authentic samples of progoitrin (from Professor M. A. Greer) and sinigrin, when run in BAW on Whatman No. I paper at 25"C, gave RB values (compared with glucotropaeolin) which were slightly different from those cited in the literature in which Schleicher and Schull No. 2043b was the paper used, and the temperature 18"C (Schultz and Wagner 1956b) . Moreover, since RB values have not been recorded for all of the known thioglucosides, this method of identification served as a gnide only. The reported R Ph values for the phenylthiourea derivatives could be reproduced and, since these are known for almost all of the aglucones, they provided more reliable indices for comparison and identification.
(ii) Column Chromatography.-This was carried out with cellulose, alumina, and ion-exchange resins which were used as described in the text.
(iii) Myrosina.se.-The enzyme powder was prepared from white mustard seeds (Sandberg and Holly 1932) and assayed with crystalline sinigrin. At a concentration of O· 5 mg/ml of the thioglucoside substrate and I' 0 mg/ml enzyme at pH 7· 0 hydrolysis was found to be complete in I hr as estimated by glucose release using the Somogyi-Nelson reagent.
(iv) Melting Points.-These have been corrected and were determined by the capillary method.
(v) Analyse8.-Analyses were performed by Dr. W. Zimmermann of the C.S.I.R.O. Microanalytical Service, University of Melbourne.
III. EXPERIMENTAL AND RESULTS
(a) Chou M oellier Seeds
(i) Crude Thioglucoside Extract.-The intact seeds (500 g) were poured slowly into a boiling mixture of petroleum ether (b.p. 70-90"C) and ethanol (2:1 v/v) and heated under reflux for 90 min to inactivate thioglucosidases. The air-dried seeds were finely ground and then defatted by continuous extraction with the above solvent mixture, the weight loss being 20%. The air-dried meal was extracted under reflux for 2 hr with (I) 70% ethanol (I I.) and (2) methanol (I I.), the extracts were combined, a precipitate which formed removed by centrifugation, and the supernatant concentrated to 100 ml in a film evaporator. After dilution with water to II. the extract was passed through a column (19 by 4·5 cm) of "Amberlite IR-4B" (CI-form) at a rate of 250 ml/hr (compare Schultz, Gmelin, and Keller 1953) and the column finally washed with 1·5 I. water. The unexchanged eluate and washings were found to be free from thioglucosides when tested on paper chromatograms with the AgNOa-NaOH spray. Thioglucosides were eluted from the column with 0'5% KOH until the eluate pH rose above 8. The eluate fractions (each 100 ml) showing positive tests for thioglucosides were combiped and evaporated in vacuo L to dryness. The residue was extracted into hot methanol (2 X 100 ml), filtered, the filtrate evaporated, and this residue then treated with hot pyridine (50 mI) and the solution filtered. The residue (fraction A; 9·5 g), after removal of the pyridine, contained 80% thioglucosides when estimated by the modified anthrone method (Schultz and Gmelin 1954) with the assumption of an average thioglucoside molecular weight of 500. Paper chromatograms (developed with BAW and BEW and sprayed with AgNO,-NaOH) of samples of the extract both before and after treatment with ion-exchange resin showed the presence of five thioglucoside components.
(il) Isolation of Progoitrin.-Fraction A (5 g) was dissolved in the minimum quantity of methanol, adsorbed onto the minimum amount of Whatman "standard grade" cellulose powder, and the latter then carefully freed from solvent. The powder was then firmly packed onto the top of a column of cellulose (25 by 2·5 cm) which had been equilibrated at 3'C with the solvent system BAW. This solvent was then passed through the column at 3'C and fractions (5 ml) automatically collected. Fraction samples were spotted onto paper and the chromatograms developed with BAW and sprayed with AgNO,-NaOH. The distribution of thioglucosides, and their H B values, are given in Table 1 . 
As can be seen from Table 1 there is appreciable overlapping of the thioglucoside components. Further column chromatography in which the residue from the combined fractions 53-101 was used with cellulose or alumina as media gave no improved separation. A portion (0·3 g) of the residue from the combined fractions 39-52 (Table 1) , in which there was least contamination of the component HB 0·56, was rechromatographed on a cellulose column (17 by 1· 2 cm) in BAW. Fractions from this column, Nos. 16-32 (each 5 ml), containing mainly HB 0·56 material, were combined and evaporated to dryness in vacuo, the residue dissolved as far as possible in cold methanol (25 mI), and the filtered solution evaporated to dryness. The residue, dissolved in water, was passed through a small column of "Amberlite IRC-50" (K+ form) to replace any K+ lost during cellulose chromatography and the eluate evaporated to dryness. Attempted crystallization of the residue from 90% ethanol (Greer 1956 ) was unsuccessfnl; a portion (130 mg) was therefore shaken at 37°C for 4 hr in dry pyridine (5 ml) and acetic anhydride (5 ml). Mter removing insoluble material by centrifugation the product was precipitated with dry ether and recrystallized from ethanol. The yield of penta-acetyl progoitrin (m.p. 178-179°C; Schnltz and Wagner (1955, 19560) reported 178-180°C) was 105 mg. Found: N,2·2; K,6·2; CHaCO, 33·8%. Calc.forC 21 H 28 0 15 NS,K: N,2·2; K, 6·1; CHaCO, 33·7%. The product (Rp 0·60 in BAW; Schultz and Wagner (1955) recorded R pO· 61) was saponified in methanolic ammonia to give the thioglucoside Rp 0·15 and RB 0·55 (BAW).
(iii) Isolation of Goitrin.-The thioglucoside mixture (fraction A above; 1·0 g) was incubated for 16 hr at 37°C with myrosinase (50 mg) in 100 ml 0·07M phosphate buffer, pH 7 ·0, and then extracted with ether (3 X75 ml) followed by chloroform (2 x30 ml). Chromatographic tests with Grote's reagent showed positive spots at Rp 0·86 and 0·93 (solvent system CW), the ether extract reacting more intensely. The residue from the chloroform extract was, therefore, transferred to ether and the two ether extracts combined (extract 1; 150 ml). 75 ml of this extract was washed with a small quantity of satnrated NaHCO s , shaken with IN, NaOH, the alkaline layer saturated with CO" extracted into ether, and the ether layer, after drying over Na,SO, (anhyd.), evaporated to dryness. The residue was dissolved in the minimum volume of ether and petroleum ether (b.p. 40-60°C) added to incipient cloudiness. Mter standing at _10°C, crystals appeared and these, after recrystallization from ether, had m.p. 48-49°C. Mixed m.p. with goitrin (m.p. 49-51°C) prepared from authentic progoitrin was undepressed.
Chromatography of the product and the authentic sample in CW gave R pO· 86 in each case. The yield (47 mg) corresponds to approximately 2 g/kg seeds.
(iv) Other Aglucone OOW3tituents.-The residue from 50 ml of extract 1 was treated with methanolic ammonia to convert isothlocyanate components into thioureas. The solution after standing overnight was concentrated and chromatographed on Whatman No. 1 paper with ascending CW solvent system (Kjaer and Rubinstein 1953) and phenylthiourea as reference compound. The air-dried chromatogram was developed with Grote's reagent. Apart from goitrin (Rph 1·10) fonr other Grote-positive spots were present which were characterized as set out in Table 2 , which also lists the corresponding thioglucosides and their observed RB values. Glucoiberin was fnrther checked by eluting the area with R B value 0·28 (BEW) on a paper chromatogram and hydrolysing the eluate with myrosinase. The liberated isothiocyanate had R pO· 93 in CW and gave a positive test with Grote's reagent. The derived thiourea had R Ph 0·04 in CW.
(v) Isolation of Sinapin Thiocyanate.-Chou moellier seeds (150 g) were ground in a ball-mill and defatted by Soxhlet extraction with ether. The air-dried meal was extracted with boiling water (1 1.) followed by a second extraction (500 ml). The combined extracts were concentrated in vacuo to 100 ml, made up to 80% with ethanol, and centrifuged. The supernatant was concentrated to a syrup, dissolved in 80% ethanol (50 ml), and passed through a column (30 by 2·5 em) of alumina. The column was washed with three column volumes of 80% ethanol, followed by 60% ethanol. The latter eluate was concentrated in vacuQ to dryness and taken up in the minimum volume of 90% ethanol, from which crystals m.p. 178°C, 0·1 g, were obtained. Found: N,7·3; S,8·4%. Calc. for C 17 H 2 .O,N 2 S: N,7·6; S,8·7%. Comparison (mixed m.p., fluorescence in ultraviolet light, reactions with AgN0 3 , NH.OH, and RN0 3 (Schultz and Gmelin 1952) ) with a specimen prepared from white mustard seeds (von Babo and Hirschbrunn 1852) proved it to be sinapin thiocyanate. 
(b) Chou Moellier Leaves
Freshly harvested leaves (3 kg) were dried in the frozen state. The dried tissue (450 g) was finely powdered and added slowly to boiling water (5 1.) and boiled for 1 hr. The slurry was filtered through a basket centrifuge with the aid of "Supercel" and the filtrate concentrated in a film evaporator at 30°C to 200 mI. Mter addition of ethanol (600 ml) and removal of the resultant precipitate, the filtrate was evaporated in vacuo to a syrup, which was then made up to 400 ml with water and extracted several times with chloroform. Paper chromatography of the concentrated chloroform extract in CW showed the absence of Grote's reagent positive material. The aqueous extract was concentrated in vacuo to 50 mI and a sample paper-chromatographed in BAW. The thioglucoside pattern was identical with that obtained from the seed extracts except that ouly a trace of progoitrin (R. 0·55) was present. The extract was made O· 07M with respect to phosphate buffer (pH 7·0) and incubated with myrosinase (60 mg) at 37°C for 24 hr. An ether extract (3 X 100 ml), dried over Na 2 SO., was concentrated to 25 ml and a sample chromatographed in descending CW. Goitrin (RF 0·86) could not be detected after spraying with Grote's reagent. The residue from the ether extract after treatment with methanolic ammonia followed by paper chromatography in ascending CW showed the same pattern of thioureas as observed with the seed extract. heated under reflux for 15 min, filtered, and the filtrate concentrated in vacuo to 10 ml. Paper chromatography in BEW and development with AgN0 3 -NaOH showed a strong spot at R F 0 ·15 and a trace spot at R F o· OS. Parallel extraction of the de-hulled seeds (approx. 20% by weight of the whole fruit) showed only traces of these spots, so it would appear that the thioglucoside constituents are confined ahnost entirely to the hulls.
(ti) Preparation of the Thioglucoside Extract.-The bulk whole fruit obtained from Warwick, Qld., contained considerable amounts of other seeds, mainly barley and grass seeds. The turnip weed fruit, which are roughly spherical, were separated from contaminants by rolling down an inclined plane of the rough underside of a sheet of "Masouite" wall-board. The separated fruit (5 kg) was heat-treated, ground, and defatted as described for chou moellier seeds. The air-dried meal was extracted by heating under reflux in 70% methanol for 1 hr followed by a 15-min extraction with methanol. The total filtered extract (171.) was concentrated in a film evaporator at 30°C. An oily sludge which separated out was removed by washing with chloroform and centrifugation. Residual chloroform was removed by heating in an air-stream. The final volume of the extract was 1·1 I. A sample was chromatographed on Whatman No.1 paper in BEW for 24 hr. Glucocheirolin (from Professor A. Kjaer) and glucotropaeolin were used as reference thioglucosides. Development with AgN0 3 -NaOH showed (Fig. 2) that glucocheirolin (RB 0·33) is the major constituent of the turuip weed fruit extract. Kjaer and Gmelin (1956b) recorded RB 0·34 for glucocheirolin in this solvent system. A second, unidentified constituent (RB 0·26) occurs only in traces.
(iii) Isolation ofOkeirolin (= 3-methylsulphonylpropyl isothiocyanate) (cf. Schneider 191O) .-The crude thioglucoside extract (550 ml) was made 0·07M with respect to phosphate buffer (pH 7 ·0) and myrosinase (150 mg) was added. After incubation for 20 hr at 37°C the extract was exhaustively extracted with chloroform (which was dried over Na 2 S0 4 ) and concentrated to dryness. The residue, a yellow-coloured oil, was dissolved in the minimum volume of chloroform and passed through a column ofB.D.H. alumina (15 by 1·2 cm).-The column was eluted with chloroform. The chloroform eluates were each concentrated to a few millilitres and chromatographed on paper in CWo Spraying with Grote's reagent showed an unusual reaction. No blue colour developed on heating to 100°C for 1 min (in common with isothiocyanates), but it was observed that a diffuse pale-blue spot slowly developed near the solvent front some 30 min after the paper had been heated. The responsible compound appeared in eluates corresponding to the solvent front of the column and these were *-A.1Jright red chromogen, adsorbed at the top of the alumina column, was slowly eluted by 80% t}thanol. This material travels at the solvent front of chloroform if a column of "neutral alumina" (Lederer and Lederer 1957) is employed and its colour then becomes yellow. The chromogen cannot be extracted from the aqueous thioglucoside extract with chloroform prior to treatment with myrosinase. It is red in alkali, yellow in acid, and probably exists in the fruit as a glycoside. combined and concentrated to dryness. Seed crystals were obtained by sublimation of a small portion of the oily residue in vacuo at 120'C onto a cold finger packed with solid CO,. The product (3 g, equivalent to 1· 2 gjkg fruit) was recrystallized from (iv) Synthesis of Cheirolin.-3-Methylsulphonylpropylamine hydroohloride was prepared aooording to the method of Sohneider (1910), with modifioations desoribed by Kjaer, Marous, and Conti (1953) . The oonversion of the amine to the isothiooyanate by the route desoribed by Garmaise, Sohwartz, and MoKay (1958, 1959) gave yields of only 45%-similar to that reported by Sohneider. The highest yields (85%) were obtained by minor modifioations of the thiophosgene method (Kjaer, Marous, and Conti 1953). Reorystallization from ether gave m.p. 49°C; mixed m.p. with the natural compound was undepressed. Synthetic and natural cheirolin showed identical behaviour on paper ohromatograms rnn in CW and BAW. The phenylthiourea derivatives prepared by treatment with aniline in ethanol had m.p. 136°C (Sohneider 1910 reoorded 137°C).
(v) Isolation of Gluoooheirolin.-The orude thiogluooside extraot (llO mlequivalent to 500 g turnip weed fruit) was passed slowly over a oolumn (18 by 2·5 om) of "Amberlite IR-4B" (Cl-form) (Sohultz, Gmelin, and Keller 1953) . Mter the resin bed had been washed with water (2 I.), the thiogluoosides were eluted with 0'5% KOH until the eluates beoame alkaline. The oombined eluates were freezedried and the residue extraoted into methanol by shaking at room temperature. The methanol extract was concentrated to dryness and the residue re~extracted with methanol. The residue was taken up into warm 80% ethanol from whioh orystals of gluoooheirolin separated on oooling. The produot was reorystallized three times from 80% ethanol; m.p. 164-5°C (Kjaer 1959 reoorded 140-160°C; Sohneider and SohUtz 1913 reoorded 158-160°C). Found: S, 19·5; K, 7'7%. Calo. for C n H 20 0 n NS,K,H,O: S, 19·4; K, 7 ·9%. Treatment of the produot with myrosinase yielded oheirolin, m.p. 47-48°C. The yield of gluoooheirolin (1·7 g) is equivalent to 3-4 g/kg fruit. This oompares olosely with the above observed yield of oheirolin, 1·2 g/kg fruit (equivalent to 3·3 g gluoooheirolin/kg).
(d) Queen.sland Turnip Weed Leaves: Isolation ofCheirolin
Freshly harvested turnip weed leaves (2·25 kg) were finely out and immediately added batohwise to water maintained at the boiling point and then boiled for a further 30 min. The extraots were filtered through a basket oentrifuge with the aid of "Superoel" and the total filtrate (18 I.) was oonoentrated in a film evaporator to 200 ml. Methanol (800 ml) was added, the preoipitate was removed by oentrifugation and washed with methanol (200 mI). The supernatant and washings were oombined and the methanol was removed in vacuo. The residual aqueous extract was made up to 500 ml with water and exhaustively washed with ohloroform. The ohloroform extraot (extraot I) was kept. Residual ohloroform was removed from the aqueous phase by heating in an air stream. 10 ml of the aqueous extraot was passed through a small oolumn of "Amberlite IR-4B" and eluted with 0'5% KOH. This extraot was ohromatographed on Whatman No. I in BEW. It oontained the same thiogluoosides as did the fruit extraot (Fig. 2) . The residual extraot (490 ml) was made 0'07M with respeot to phosphate buffer (pH 7·0) and inoubated with myrosinase (100 mg) at 37°C for 16 hr, and the mixture then exhaustively extraoted with ohloroform (extraot 2). Extraots I and 2 were then oonoentrated separately to a few millilitres and passed through alumina oolumns as desoribed for the frnit extraot. (The red pigment, r observed in the fruit extract, also appeared at the top of the column.) Crystals (m.p. 42--45'C) were obtained from ether with the aid of a little charcoal. Yields: A, 50 mg; B, 900 mg. Recrystallization from ether gave m.p. 45-46'C. Mixed m.p. with cheirolin was undepressed. The total yield (950 mg) corresponds to 0·4 g/kg fresh leaves.
(e) Tasmanian Pasture Contaminants
The seeds of the cruciferous weeds, which were observed to be the major contaminants of Tasmanian pastures in the goitrous areas under investigation, were collected locally and then sown at the University of Sydney Research Farm, Cobbity, N.S.W. The freshly harvested leaves, stems, and inflorescences were extracted as has been described for turnip weed leaves. Relevant data are summarized in Table 3 . The concentrated aqueous extracts were exhaustively washed with chloroform. The chloroform washings on testing were found to be free from aglucones. Residual chloroform was removed from the extracts, samples of which were then chromatographed on Whatman No.1 paper, with a marker spot of glucotropaeolin, for 24 hr in BAW (Fig. 3) and BEW (Fig. 4) . The chromatograms, developed with AgN0 3 -NAOH, indicate the presence in each extract of one (or two) major as well as minor or trace thioglucoside components.
The five extracts were thcn made O· 07M with respect to phosphate buffer (pH 7 ·0) and incubated with myrosinase (10 mg/lOO ml extract) at 37'C for 24 hr. The liberated aglucones were extracted into chloroform and samples of the extracts paper-chromatographed in CW and then sprayed with Grote's reagent. The chloroform extracts were then passed through columns of B.D.H. alumina. (In each case a red pigment, similar to that observed in the turnip weed aglucone extracts, was strongly adsorbed at the top of the column.) The chloroform was carefully removed at normal pressure to avoid loss of any low-boiling isothiocyanates. The residues were taken up into warm ethanol and treated with ammonia to form thiourea derivatives, which were identified by paper chromatography (Kjaer and Rubinstein 1953).
The list of thioglucosides and their derivatives, identified by these procedures, and the summarized chromatographic data, as observed and where cited in the literature, are given in Table 4 . Practically all thioglucosides revealed on the chromatograms (Figs. 3 and 4) were identified except the major constituent in the plant tissue of Raphanu8 raphanistl'um and the trace components in Sisymbrium orientale. The following supplementary observations and comments are relevant. The minor constituent, glucoberteroin, in Brassica campeatris could possibly be gluconasturtiin (R group, ,B-phenylethyl-) in view of the frequent occurrence of this thioglucoside in the root tissue of Cruciferae (Stahmann, Link, and Walker 1943) and the similarity of the two sets of chromatographic data (gluconasturtiin, Rn 1·25 (BAW) (Schultz and Wagner 1956b) and Rpa 1·10 (Kjaer and Rubinstein 1953)). The observed values, however, are closer to those recorded for glucoberteroin (Table 4) .
The presence of glucooheirolin in traoe amounts inS.officinale and R.raphanistrum was confirmed by eluting the suspected component from line chromatograms of the thioglucoside mixtures in BEW, treatment of the eluates with myrosinase, and conversion to the thiourea in each case. The thioglucoside, as present in the mixture from R.raphanistrum, was found to run more slowly than usual (Rn 0·28 in BEW). When rechromatographed, however, it gave the same R n value (0·33) as an authentic sample of glucocheiroJin. Five thioglucosides (including glucocheirolin) were detected in R.raphanistrum extraots on chromatograms prepared with either solvent system (Figs. 3 and 4) . However, only three spots were visible on chromatograms (OW) of the derived thioureas (two minor, RPI< 0·05 and 1·15, and one major, Rph 0,15). Further resolution was effected in BEW, four spots being observed with RF values 0·39,0·50,0·56, and 0·68. The thiourea appearing in greatest amount (Rp 0·68) could not be identified with any of those recorded in the literature. It is probable that it contributed to the most intense spot (Rp. 0·15) in CW and corresponded to the major thioglucoside (Rn 0·80 and 0·73, Figs. 3 and 4 respectively). According to Kjaer (personal communication, 1962 ) the thiourea of sulphoraphen (from glucoraphenin) has R pO· 54 in BEW but the further action of ammonia converts this to an unknown derivative of R F 0'37, corresponding to our observed values of 0·56 and 0·39. The identification of glucoalyssin (thiourea also Rp 0·56) and glucocheirolin is supported by the additional chromatographic data. The minor thiourea spot, Rp. 1·15 in CW, probably corresponds to the thioglucoside Rn 1·03 and 0·87 (Figs. 3 and 4) . Schultz and Wagner (1956b) reported the presence of a thioglucoside Rn I· 08 (BA W) in R.8ativU<J extracts.
'.rABLE 4 THIOGLUCOSIDES IN PLANT TISSUE OF TASMANIAN PASTURE CONTAMINANTS
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As further supplies of plants of R. raphanistrum were not available at this stage of the investigation for additional studies of the unknown thioglucoside, seeds were examined. The seeds (100 g) were treated and extracted as described for turnip weed fruit. Paper chromatography of the aqueous thioglucoside extract revealed the same distribution of components as were observed in the leaf extract but the spot corresponding to glucoraphenin (Rn 0·38 in BAW) was much more intense.
The crude thioglucoside extract (150 ml) waS incubated with myrosinase (60 mg) in O'IM citrate buffer, pH 6·5 (Gaines and Goering 1960) in the presence of 1O-'M ascorbic acid (Nagashima and Uchiyama 1959) for 20 hr at 25°C. Mter extraction with chloroform, drying of the extract over Na 2 S0 4 , and removal of most of the solvent, one-half (15 ml) of the residue was treated with ethanol and ammonia. Paper chromatography of the resultant thioureas in CW and BEW showed the same spots as observed in the leaf extracts. However, while the unknown thiourea (RF 0·68 in BEW) was the major spot in the leaf extract, those corresponding to alyssin and sulphoraphen (RF 0·56 and 0·39; see above) appeared as the most intense in the seed extract.
The second half of the above chloroform extract was passed through a column of B.D.H. alumina (10 by 1· 2 cm) and eluted with chloroform. A sample of the combined and concentrated chloroform eluates, after treatment with ammonia in ethanol and examination by paper chromatography, confirmed that no change in the constituents had occurred during passage through the alumina column. The main part of the chloroform residue was distilled (b.p. 172-175°C at 0·5 mm) and the distillate (c. 100 mg) treated with aniline (150 mg) in chloroform. Paper chromatography in carbon tetrachloride-acetic acid (Prochazka, Sanda, and Jirousek 1959) and development with Grote's reagent showed that the mixture contained at least four phenylthioureas: RF 0·02 (corresponding probably to alyssin), 0'06, 0·10, and 0 ·19. A cheirolin phenylthiourea marker gave Rp 0·06. Prochazka, Sanda, and Jirousek (1959) recorded Rp O· 07, 0·10, and 0·20 for the phenylthioureas corresponding to cheirolin, sulphoraphan, and sulphoraphen, respectively, in this solvent system. Mter removal of the chloroform from the phenylthiourea mixture and warming the residue with ethyl acetate, crystals separated (75 mg, m.p. 1I6-1I7°C) which gave Rp 0·]9 in carbon tetrachloride-acetic acid. Mter two recrystallizations from ethyl acetate the compound had m.p. 120-121°C (Schmid and Karrer 1948a recorded m.p. 121°C for sulphoraphen phenylthiourea). Found: C,53·3; H, 6·1; N,IO'4; S,23·8%. Calc. for C"H 16 0N 2 S 2 : C,53'7; H, 6·0; N,1O·4; S,23·7%. The results with the seed extract thus furnish evidence in support of the thioglucosides suggested as present in the leaf extract. It could also be inferred from the R F values of the phenylthioureas that sulphoraphan (corresponding to glucoraphanin) is the unknown aglucone present in both seed and plant extracts. However, according to Kiaer (personal communication, 1962) , authentic sulphoraphan thiourea has R F 0·51 in BEW in contrast to 0·68 for our unknown. Consequently a decision on the identity of the major thioglucoside component of plant tissue of R.raphanistrum must be deferred.
The presence of sinalbin in trace amounts in Sinapis arvensis was confirmed by developing the thioglucoside paper chromatograms with a-nitroso-,8-naphthol. The residual mixture of thioureas from this plant extract deposited from ethanol, on standing, a small amount of crystalline material which after three recrystallizations from the same solvent had m.p. 100-101 'C (3 rug), Amax. 
IV. DISCUSSION
A wide range of isothiocyanate thioglucosides has been detected in the weeds infesting pastures in Tasmania and in the cultivated crucifer, chou moellier (Tables 2  and 4 ). However, Queensland tUrnip weed, Rapistrum rug08um, was found to contain only one major constituent (glucocheirolin) with traces of another component. This was true of both fruit and leaves but not the de-hulled seeds which are unusnal in that only traces of thioglucosides are present.
The identification of the plant thioglucosides and their aglucones has been mainly limited to paper chromatographic evidence. Apart from the difficulty in constant reproduction of R B values, these have not been recorded for all the known thioglucosides. The R ph values and R F values (in BEW) of the thioureas derived from the aglucones were found to be a more reliable means of comparison. However, there are obvious limitations to characterization based solely upon chromatographic evidence and, although this has been an accepted procedure in this field, rigorous proof of identification requires the isolation and study of the pure compound. Plant tissues rather than seeds have been mainly investigated since these would form the bulk of material ingested by grazing animals. The complex mixture of thioglucosides found in nearly all of these plants proved difficult to separate and, as supplies were limited, the isolation ofrelatively few of the constituents was achieved.
Thioglucosides of the progoitrin type were found only in chou moellier seeds with traces in this plant tissue and in that of Brassica campestris. Isothiocyanate aglucones of all plants examined were almost entirely aliphatic with a high proportion of these containing sulphinyl and snlphonyl groups; this latter observation is not surprising in view of the number known and the frequency of occurrence of some of them (e.g. in glucoiberin, glucoraphenin, and glucoalyssin (Kjaer 1960)).
Our finding in chou moellier of progoitrin, gluconapin, sinigrin, glucoiberin, and glucobrassicanapin is consistent with previous observations of the thioglucoside constituents of B.oleracea species. Glucoiberin and glucorapbanin (Prochazka, Sanda, and Jirousek 1959), gluconapin, glucobrassicanapin, sinigrin, glucotropaeolin, gluconasturtiin, and progoitrin (Schneider and Lohmann 1912; .Jensen, Conti, and Kjaer 1953; Schultz and Wagner 1956b) have all been detected in members of this species. The closely related B.campestris was found to have a similar distribution of thioglucosides (Table 4 ). The high content of progoitrin in the seeds of chou moellier with only traces in the leaves corresponds with observations that it occurs in low yield in plant tissues (Greer 1950; Aitamura, Long, and Hasselstrom 1959) .
Only one thioglucoside, sinigrin, has been previously reported in Sisymbrium officiuale extracts (Schultz and Wagner 1956b) . The plant, as occurring in Tasmania, has been shown to contain also glucoputranjivin, glucocochlearin, and glucocheirolin. Glucoputranjivin and glucococblearin have often been found to occur together (Kiaer and Conti 1953; Kjaer, Conti, and Larsen, 1953) . Glucoputranjivin was the only constituent identified in S.orientale extracts, although from the paper chromatograms it seemed likely that glucocochlearin was present in trace amounts.
Raphanus sativus is known to contain glucoraphenin and other unidentified glucosides Karrer 1948a, 1948b; Schultz and Wagner 1956b) . Glucoraphenin was identified in both leaves and seeds of R.raphanistrum, together with glucoalyssin and glucocheirolin, but the major component of the leaf extract could not be defined.
Sinalbin and glucotropaeolin were reported by Schultz and Gmelin (1953) as occurring in Sinapis arvensis. However, thioglucosides with similar RF values would most likely not have been distinguished under the conditions used by these authors. Gluconapin, glucoiberin, and glucoarabin have been detected by us in extracts of this plant, as well as sinalbin, but not glucotropaeolin. The occurrence of glucoarabin is of interest since this thioglucoside has apparently only previously been detected in Arabi. species (Kjaer 1960) .
The simplest plant system investigated was that of Queensland turnip weed, which readily afforded crystalline cheirolin from both fruit and plant tissue, the corresponding thioglucoside, glucocheirolin, also being obtained in a pure state. The yields were such that a high intake by an animal grazing on heavily infested pastures could be inferred. In view of this and the fact that R. rugosum was the main pasture contaminant in one clearly defined goitrous area, cheirolin was more thoroughly studied in subsequent investigations (to be described in Parts II and III of this series) which included an examination of its behaviour in rumen liquor and an assessment of its goitrogenic action in laboratory animals. Comparisons were also made with other isothiocyanates and with known goitrogens.
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